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EVALUATION  OF  THE  L,„  LIFE  OF  MILITARY  UREASES  IN  WHEEL  REARIN(;S 

BY  COMPUTER  ANALYSIS 

I.  INTRODUCTION 

The  research  and  development  (»f  fuel  and  luhrieant  prodii('t>  involvo  a  >e<|iienee  of  ••venl> 
starting  with  lahoratorv'  investigations  and  testing  followed  hv  eompoiient  e\uliiation  and 
engine  dynamometer  testing  and  ending  with  field  and  fleet  user-lesling  to  certify  the  |»erfor- 
mance  of  the  products  in  question.  This  sequence  of  basic  research,  exploratory  development, 
and  advanced  development  is  the  established  mechanism  needed  to  provide  the  basis  for 
development  of  the  final  procurement  specification  for  a  new  lubricant,  fluid,  or  grease.  One 
of  the  major  concerns  in  the  execution  of  these  research  efforts  is  the  tiim‘  reipiirement  in 
testing  and  evaluation  and  the  comprehensive  test  methodologies  which  can  be  utilized  to 
predict  performance  life  of  the  product  in  (piestion.  Many  pnaluct  specifications  incorporate 
functional-tvpe  testing  pr<»cedures  as  well  as  specifving  chemical/physical  property  re¬ 
quirements.  However,  these  testing  procedures  (i.e..  anti-wear  |)erformance  using  a  Four-Ball 
Wear  Tester,  engine  dvnamometer  tests  for  determining  rleposit  temlencies,  etc.)  generally 
define  an  established  level  of  performance  and  do  not  provide  a  means  for  projecting  “perfor¬ 
mance  life.”' 

Because  of  the  inherent  uncertainty  <»f  the  performance  tests,  a  long  endurance  testing  time, 
and  the  high  cost  incurred  by  the  fleet  testing,  a  project  was  initiated  to  devehq)  a  metluMlology 
that  would  be  capable  of  predicting  ()erf«»rmance  (i.e..  system  durability,  overhaul  intervals, 
mean-time-hetween-failure.  etc.)  within  certain  levels  «»f  confidence.  This  methodology  would 
be  used  in  certain  laboratory-type  performance  tests  and  to  process  the  (»btained  data  to  project 
wear  life  and/or  probability  of  system  component  failure. 

Some  work  has  been  done  along  these  lines  with  roller-bearing  systems  where  the  B|„  life 
value,  the  90  percent  reliable  bearing  life  calle<l  Lj,,  life,  has  been  projecte«l.  A  recent  SAE 
paper  illustrated  this  approach  in  predicting  Weibull  failure  profiles  for  the  hydraulic  pump 
and  engines  operating  <»n  synthetic  fuels.*  *  In  a  similar  approach,  the  tlesired  end  results  of 
this  methodology  can  he  used  to  predict  the  Ljj,  life  which  could  be  denoted  as  the  minimum 
life  of  greases,  hydraulic  flui«ls.  lubricants,  and  engine  oils.  Eventually,  this  methodology 
could  he  used  to  improve  future  systems  while  significantly  reilucing  maintenance  c(>sts. 

^  Military  Sfarifiraliim  V!II,-H-WilTO.  “flxlraiilic  HiimI.  Kii,|  Inhihtlf*').  Hn*  Rr-i-l.nit.  Switliriii-  MylriM-arlmti  lia-«‘. 
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Initially,  this  project  has  been  divided  into  the  following  three  phases: 

Phase  I— Develop  the  iiiatheinatieal  nuMleling  system  to  evaluate  funetional  fluid 
perfornianee  of  grease  produets. 

Ph  ase  II— Seleet  or  develop  aeeelerate<l  endiiranee  testing  method(s). 

Phase  III— Modifv  Phase  I  or  Phase  II  to  o»)rrelate  to  field  perforiiiaiue  if  neeessary. 

In  Phase  I.  a  iiiatheinatieal  modeling  system  was  developed  whieh  eaii  he  used  for  a  variety 
of  systems  (i.e..  failure  eriteria  or  {irohahility  of  failure  with  input  provided  hy  laboratory 
tests,  system  tests,  and  field  data).  Phase  II  will  seleet  and  develop  the  aeeelerated  endiiranee 
test  method(s)  whieh  are  hoped  to  result  in  giMid  re|»eatability  and  reprodiieihility  while  being 
of  short  duration.  At  the  same  time,  a  matrix  of  potential  test  parameters  related  to  the  field 
eonditions  will  he  defined  for  the  one  prodiiet  elass  of  greases.  (Note:  this  will  he  expanded 
later  into  fluids  and  automotive  engine  oils.)  Then,  the  preilietive  life  data  will  he  generated 
under  eontrolled  laboratory  eonditions.  Finally,  the  desired  Luj  life  of  the  materials  tested  will 
be  compared  to  their  field  performance  in  the  final  Phase  (III). 

Since  the  wear  life  project  was  initiated,  the  maximum  likelihood  ML  computer  program  for 
the  two-parameter  U  eihiill  probability  distribution  has  been  develojied  to  meet  the  primary  ob¬ 
jective  of  Phase  I  using  the  HP  9830A  computer  and  HP  9862A  calculator  plotter.  This 
method  was  applied  to  the  conventional  Military  Specification  M1L-(J-10924(^.  “(irease. 
Automotive  and  Artillery  ((JAA),"  commercial  grease  and  candidate  imjiroved  greases  con¬ 
sidered  in  the  course  of  the  project  for  developing  and  a  long-life  military  grease.* 

Finally,  this  report  identifies  the  tested  greases  using  their  specification  designations.  Also,  it 
describes  the  ML  computer  program  and  illustrates  how  the  L||,  military  grease  life  was  deter¬ 
mined  for  this  investigation. 

H.  THE  MAXIMUM  LIKELIHOOD  (ML)  COMPUTER  PROGRAM  FOR  THE 
TWO-PARAMETER  WEIBULL  DISTRIBUTION  AND 
THE  EXTREME  VALUE  DISTRIBUTION 

The  Weibull  probability  distribution  was  initially  developed  by  Waloddi  Weihull,  Professor 
of  Applied  Physics  at  Royal  Institute  of  Technology  in  Stockholm,  Sweden.  The  primary 
motivation  in  developing  this  distribution  was  the  study  of  the  strength  and  fatigue  life  of 
materials.  After  the  Weibull  distribution  had  been  accepted  for  studies  on  the  fatigue  of 

^  Militarv  SfM'f'jriratifin  ''CrraM'.  Aiiloninti'r  aii*l  Artillrrv  (OAlK"  ,>  Ki*!)riiar>  1*171. 


materials,  it  was  widely  applied  in  the  field  of  reliahility,  fatigue  testiufj.  and  ipialitv  eontnd.* 
In  an  earlier  study,  the  fatigue  lives  of  rolling  hearings  were  eoniputed  using  the  AFBMA- 
ASA  standards.®  This  methodology  uses  the  two-parameter  Vieiliull  prohahilitv  distrihiition. 
The  distrihiition  eipiation  is  deserihed  as  follows;’ 

K(X»  =  I  -  e-'''‘'''^\>(). 

where  F(X)  represents  the  prohahility  of  hearing  fatigue  life.  The  funetion  F(X)  is  railed  the 
eumulative  distrihiition  for  a  random  variable  X.  sueh  as  hearing  fatigue.  The  terms  /3  and  6 
refer  to  the  shape  and  scale  parameters,  respeetivelv.  I  nfortiinatelv.  these  parameters  usuallv 
are  not  known.  The  best  method  for  the  estimation  of  these  parameters  is  an  ML  method, 
which  gives  a  solution  using  simultaneous  eipiations.®  (Generally,  these  unknown  parameters 
are  determined  from  the  ML  eipiation  of  extreme  value  distrihiition.  Their  relationship  is  ex¬ 
pressed  hy  the  following  mathematical  form: 

X  =  Lx[>  (\  ).  0  =  Kxp  (X).  and  /3  =  1/5.  where  X.  Y  are  random  variahles  for  Weihull  and 
extreme  value  distrihiition.  X.  5  are  the  parameters  of  extreme  value  distrihiition.  This  extreme 
value  distrihiition  often  applies  to  corrosion  studies,  the  prediction  of  life,  and  the  measure¬ 
ment  of  metal  strength.  The  ML  equation  and  the  two  partial  differential  equations  of  extreme 
value  distrihiition  are  descrihed  in  the  following  form: 

ML  equation: 

MAX  L  =  E '(  —  ln(5)  — expflVj  — X)/5j  -F  ((Vj  —  X)/5)  —  iC  ^Vxp((y.  —  X)/5j.  (1) 


Constraining  partial  differential  equations: 
dUd\  =  (l/6K2rfexp((y.  —  X)/5|  —  r|  =  0:  and 


dlJdb  =  (1/5)  (2^[(y.  —  X)/6|ex|ij(y.  —  X)/6|  —  rj  =  0. 


i  =  1.2.  .3. 


Km)  M.  .''it’itrtT.  *’l*ra«tiral  tif  ih#*  IliwirilMiliim  Knnrtion."  (ihfni.  IVrh.  \|»ril 
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where  L  =  sum  of  failure  and  unfailure  data; 


E '  =  sum  of  failure  data; 


E  "  =  sum  of  unfailure  data:  and 


r  =  the  numher  of  failures  in  a  sample. 


From  the  above  e(|uations.  the  ML  estimators  (X.  6)  must  he  satisfied  in  the  two  constraining 
equations  (2)  and  (.1).  (^oneurrently.  these  MI.  estimators  (X,  6)  establish  the  ML  equation  (1) 
and  can  he  used  to  oaleulate  a  numerical  maximum  value.  Finally,  these  values  (X.  6)  are  con¬ 
verted  to  the  ^  eihull  parameters  {d,  /3)  using  their  relationship.  One  problem  area  is  that  the 
above  constraining  etpiations  (2)  aiul  (3)  are  n(»t  linear.  Therefore,  these  ecpiations  must  be 
iterativelv  solved  bv  the  computer.  The  best  iterative  method  is  the  well-known  Newton- 
Raphson  method  which  gives  (piicker  convergence.  The  Newton-Raphson  iterative  equation  is 
shown  in  the  following  form:* 


-dHJdX'  -dH 
-dHJdbdX  -d-l 


^IJdXdd  - 

~Lld8- 


dUdX 

dUdSl 


In  practice,  the  Newton-Raphson  method  can  be  effective  in  providing  the  ML  estimators  (X.8), 
when  the  initial  estimates  (X..  6.)  are  sufficiently  close  to  the  optimum  value  (X.  6).  However,  for 
poor  initial  estimates  (X..  8.).  the  procedure  (jften  fails  to  result  in  convergence. 

The  major  advantages  of  the  ML  method  are  good  estimates  of  the  Weibull  parameters, 
reduced  computational  time,  and  good  repeatability.  This  method,  also,  provides  the 
covariance  matrices  and  the  confidence  limit  for  distribution  percentiles.  On  the  other  hand, 
this  method  recjuires  a  special  computer  program  for  the  computations.  The  ML  computer  pro¬ 
gram  for  both  Weibull  and  extreme  value  distribution  has  been  developed  using  the  above 
equations  ((1)  through  (4)).  This  computer  program  was  written  in  the  basic  computer  language 
and  consists  of  a  main  [irogram.  subroutine  program,  and  Weibull  plotting  routine.  This 
plotting  routine  uses  X  =  ln(  ln(  l/(  I  —  F(X»  anil  Y  =  hit  to  i-onstruct  the  plot.'®  The  ML  com¬ 
puter  program  is  given  in  Appendix  A. 

111.  THE  L|„  LIFE  OF  MILITARY  (iREASES  AM)  THE  COMMERCIAL  GREASE 

The  L|„  life,  once  develojied.  can  fulfill  an  important  role  in  military  greases  research  and 
development.  It  can  be  used  to  obtain  the  pnqier  relubrication  interval  of  military  vehicles.  In 
the  development  of  long-life  military  grease,  moreover,  the  candidate  greases  can  be  differen¬ 
tiated  by  their  L||,  life  determined  in  the  laboratory  or  field.  This  approach  has  already  been 
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applied  to  the  heariii;:  fatifjue  life  (rating  life|.  Most  hearing  nianiifaetiirers  widely  aeeept  the 
L,„  life  of  hearing  as  a  design  criterion.*'  With  wear  life  projections,  the  l.n,  life  of  military 
greases  can  he  predicted  using  the  ML  computer  program,  two-parameter  \Xeihull  prohahility 
distrihution.  and  the  failure  data.  The  failure  data  were  collected  from  two  previous  SKK  I'on- 
tracts  and  the  current  SKF  contract. *“  These  laboratory  data  were  obtained  using  an  in¬ 
dustrial  test  method  with  a  higher  than  standard  temperature  (121°  L)  in  the  .‘skF  K-2  Fn- 
durance  Test  Machine.  This  industrial  method  and  the  test  machine  used  to  obtain  the  data  are 
described  in  detail  in  Appendix  B.  Initially,  the  following  10  military  greases  and  1  commer¬ 
cial  grease  were  evaluated: 


CODE 


TYPE 


.SPECIFICATION 


A  (Crease.  Automotive  and  Artillerv  ((»AA) 


MIL-(;-l(W2U; 


B  GAA 


MiL-(;-ioy2«; 


C  (]ommercial  product 


D  (irease.  Aircraft  General  Purpose.  ide 
Temperature  Range 


MlL-(;-«l.i22B.  AM.P* 


E  Grease.  (General  Purpose 


mil-(;-2;l=>49A/as(;'’ 


F  Grease.  .Automotive  and  .Artillerv 


MIL-(M  09240“ 


G  (Jrease.  Multipurpose.  Quiet  Service  (N.AVY) 


MIL-(;-24139'’ 


H  (»rease.  Molybdenum  Disulfide,  for  Low  and 
High  Temperatures  (NAVY) 


MIL-G-21164C'« 


I  (Candidate  grease  for  improved  GAA 


Experimental  Formulation 


J  Candidate  grease  for  improved  GA.4 


Experimental  Formulation 


K  Candidate  grease  for  improved  (iAA 


Experimental  Formulation 


T.  4.  Harrilt,  (iharartPriHtirt*  of  Rolling  Ht'aring**."  «tanftaril  hatwIltiMik  of  liihriratinn 

♦•npiriefring.  1Q6H. 
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14 

Omtraet  No.  DAAK  7(>-7^(X)21.4,  “Performanre  F.valuation  of  Automotive  Wheel  Hearing  (ireat‘e!*,“  Final  Report.  SKK  Ine. 
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Fifiiire  1  shows  the  prohahilitv  life  dia^'rani  obtained  for  military  jjrease.  This  diagram  was 
eoiistrueted  to  X  and  Y  axes  representing;  the  eiiniulative  probability  in  percent  and  honrs-t»e 
failiire.  respectively.  The  L||,  life  of  fireases  tested  are  siininiarized  in  l  able  1.  which  includes 
the  lower  control  limit  (lAiL).  median  I.j,,  value  (MKD).  and  upper  control  limit  of  the 

90  percent  eonfidein'e  intervals.  The  phvsieal  and  chemical  properties  of  fireases  A  to  M  are 
shown  in  Table  2.  Obviouslv.  the  firease  K  (MU -(i-2.TA49A/AS(i.  (General  Purpose)  shows  the 
best  overall  |)erforniance  anioiif;  the  fjreases  tested  under  laboratory  environment.  The  pro¬ 
jected  L||,  life  is  approximatelv  etpiivalent  to  20.912  mi.  which  presents  a  loiifier  life  than 
theoretical  fatifjue  beariiif;  life  (1.5.608  mi).  The  conventional  wheel  beariiif;  fjrease  (V11L-(J- 
10924(])  has  marked  onlv  2.298  mi.  This  L,„  value  is  approximately  9  times  less  than  the 
firease  E  (\IIL-(i-2.3549A/AS(i)  and  7  times  less  than  the  theoretical  fatifiiie  beariiif:;  life.  This 
implies  that  the  bearirifi  will  have  to  be  relubricated  at  a  greater  freipiency  in  order  to  avoid 
bearing  ilamage.  Throughout  our  observation,  the  Lm  life  seemed  to  be  dependent  upon  the 
thermal  effectiveness  and  load  characteristic  of  each  grease.  Evidently.  Figure  2  indicates  the 
thennal  effectiveness  on  the  life  ( M I L-(J- 10924(4  which  was  determined  at  two  different 

temperatures,  usually  at  121°  and  30°  (!.  In  fact,  their  E|„  life  difference  is  approximately 
203  h  (13.540  mi).  The  individual  grease  lives,  with  90  percent  <-onfidenee  intervals,  are  shown 
in  Figures  .3  to  14  and  their  numerical  percentile  lives  are  provided  in  Tables  .3  to  14. 

IV,  DISCI  SSION  AM)  CONCLESIONS 

In  wear  life  studies,  the  ME  com|iuter  (irogram  which  was  developed  for  the  two-parameter 
Weibull  probability  distribution,  can  be  used  for  predicting  performance  of  greases  as  well  as 
fatigue  life  of  bearings.  Evidently,  the  test  results  indicate  that  the  grease  failure  data  used  in 
this  evaluation,  follow  the  'W'eilnill  distribution.  This  computer  |)rogram  met  our  initial  ohjee- 
tive  to  develop  mathematical  modeling  systems  which  have  the  ability  to  project  wear  life 
and/or  probability  of  failure  using  input  data  jirovided  by  laboratory  tests  and  field  data. 

From  the  laboratory  results,  the  E|,|  life  of  military  greases  tested  at  121°  varied  from 
about  27  h  to  .31.3  h.  Their  ranking  is  as  follows: 

Ranking*  1  2  .3  4  5  6  7  8  9  10  1 1 

(;rea.se  E  J  I)  I  K  <i  F  C  A  B  H. 


NtjriiiMT  I  Itiitl  ill*-  longf-l  lift'.  rf[trr«fiihiii»  (In*  griM-r. 
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(irease 
( jxlt' 


SjH'cifii'atioti  Nd. 


LCL  (h) 


VIKI)  |)i) 


UCL  (h) 


A 

MIL-(;-l0924(; 

25 

37 

56 

B 

\iiL-(;-io924(: 

17 

31 

55 

C 

( .'omrnereial  ProdtK’t 

5s7 

84 

127 

1) 

MlL-(;-81322B.  A  M3 

64 

135 

E 

MII.-(;-23549A/AS(; 

1.30 

313 

755 

F 

MlL-(;-l()924n(l‘| 

47 

90 

174 

(; 

MIL-(;-24l39 

68 

94 

129 

11 

MIL-(;-21l64(; 

15 

27 

47 

I 

Experimental  Foriiiulatioii 

92 

125 

168 

J 

Experimental  Formulation 

120 

168 

K 

F^xperimeiital  Foniudation 

91 

118 

152 

A* 

MiE-(;-ioy24(: 

189 

240 

Notes: 

1.  The  Laboratory  Endurance  Test  Conditions, 
a.  Test  Bearitift  S(teeifiiefis; 

(tutlioani:  I,\II2749/L\!I27I0 
IiihoanI:  I,M68I49/L681 10 
i>.  <)|teratioii  'IVniperattire:  121°  (] 
e.  i.oa<t>: 

Radial;  R.TtKNt  1.875  ft-lh> 

Thrust:  2.49KN(560  ft-lh) 

(1.  Speed:  800  r/miii  (65  nii/h| 
e.  \laxiniuni  Operation  Tirtics:  300  h 

2.  Proposed  A*:  This  ^crease  tested  at  30°  C. 
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-  CT  -? 

-  J  1  ■ 
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Table  4.  Life  of  Product  A,  (30°  C),  MIL-G-10924C 
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551 . 5293 

T FI B [... B  1  1  . 1.  I F  E  OF  P R U H U C T  H » f1 1 L - 0 - 2  1  1 6 4 C 
F'.  ^0  =  1“EXP( . i  v  fi)  tB) 

estti'Ihtf  Hirn  ron-sirtETi  ■-■'o:.  confi hence  ihtff""'h[  c 

EOF:  LI  SIR  I  BUT  I  OH  PfiRFlNETERS 

'  El  fl  E"'  E.  '  E>  E.  I  li F'  N  E'  El  El  E,  I  b  E '  -  i' .. ' '  J  1 0 
LONER  LIMITS  1.7041 
UPPER  LIMIT=  5.0412 

SCfiLE  PhREeNETER=  5S.  ■iCojO 
LONER  LIMIT=  40.2644 
UPPER  LI  111  1=  75.0537 

E3T  I  MhT  E£i  l  OVI  lE'  I  Hi  ll  L  Ho  I  R  1 2  Of  PURREIE  lER  ES  I  I EINT  E3 


31  Hi,  E 

3  HOPE 

■  .E  FIL  E 

76.  1  2  It. 

2  .  i"  1  h2 

SHFIPE 

2 .  7 1 6  2 

0 . 9336 

ESTIEIHTE 

hi  IF  INEi  J  LEH  'hC.  I 
i  OE  L  1  .TR  I  [II  I  1  UiN 

.ONFIIiENCb 
PERCENT  I LE 

INTER  VEILS 

PERCENT  Ml :,L 

ET  .E'E  LNl  11  E, 

6-1  1  MHIF 

LONER  LIMI 

r  I.IPFNE: 

R  L] 

1  0  0  0  0 

1.  2 . 26i::.,-; 

4 . 7092 

31. 

'9  5  0  £ 

5  „  0  0  0  El 

1  .  -lOOy 

10. 9632 

4  1 . 

7364 

1  0.00  E,1  IJ 

2  7.  .::454 

15.3529 

169:} 

2  0  „  0  0  kl  0 

j  -  9  d  4 

23, 1354 

5:3 . 

9351: 

5  0.00  t  J  El 

52’ .  EiEi  1  7 

39 . 6325 

63. 

2312 

70 . 0000 

62' .  78 1 0 

49. 7280 

79. 

2604 

9  0  »  0  0  0  0 

78 . 3256 

6 1 . 5448 

9  9 

68 1;- 

9  5.00  0  0 

35.6332 

6  6 . 0  2  2li  E) 

1 1 1 

.  ISE 

9 '  i »  0  0  0  0 

99.2220 

73.0186 

134 

.  32:;: 

9  -1  „  0  0  Ei  0 

1  1  ■' 9426 

79 „ 4202 

1  63 

,  4-:'  ] 

9 .  o  0  ki  0 


1  1  ■' 9426 


BBS 

BB9 


iHtJLP  I,.-- 

,  [  I  PL  OF  PRO  [I  III.:;  I,  E 

8  PER  1  I'lEI  1  FH 

.  IT' Ip  FI  III.  Hi  lull 

F . EXP'  -  fi 

IBl 

EE.T  1  HEin' 

II0D  TFJO  EP[EiE]i  ‘-lU";,  F 
FUR  DISTPIBUTIOH 

OHF I  DEHi.  E 
PFIRRMETERS 

IHTEPVFil. 

HHPI:: 

iJNEP 

FPEF 

BE I  H  '  1 
L  ]:i'1.[  T  = 
L.,INI  r  = 

'ElPFlI'lE  TEp :::: 

2 . 609E' 

5 .  e:;  1 1 1 

-  i .  1-.  '■  1 

i:  HLE 
ijUEP 

F'  P  E.  E' 

PhREiI'IE 
LIHI  1 

196. 309' i 

E‘ 

;.T  I  FlH  I  ED  l.i  IF' FI 

3i  HI..E 
SFIFU-E 

■'Mil  ILF  ^■|FllRl^:  UP  F'FlF 
B-CFiLE 

3'::;i3 9357 

5 , 4967 

■Hl'IE  IFF'  13  1 
SHRPE, 

5 . 4 '9  6  7 

0 . 7929 

I.NH  1  E',. 

L  ^  r NfPI  f 

III  III  IU0- SIDED  903  1. 
FOR  DJSTRIEiUTIUFI 

ONF  1  DEFILE 
PERCE  I  FF  I  LE 

INFER '"'HI...  S 

PE  FT  F  M  I'HI  iF 

PERL  EHT I LE 
ESTIMRTE 

LOWER  LI  FI  I 

r  UPPER  LI 

1  ~  i  iFi0F:i 

i  »  1-'  i'  F  '4 

40. 1696 

1  14. 0,32 

5  „  tni0M 

103,6185 

7  ]  „  7:6  34 

149. 405 

i  FT  PUUM 

135.0648 

93,  678Fi 

1 63. 768 

2. 0  .  Fi  0 1- 1  F'l 

153.  161,8 

120. 3827 

1  '9  2  .  ■'3  3  0 

50 . 00 UP 

,304  1  ijB 

175.5459 

,3 .3 1:3  „  5  f  1 6 

FJ .  tl  0  Fi  1,1 

-  Ji::!:!  ■ 

20  .  ' .  IT  3  7  ] 

90 . 000EI 

,.330 . 039F1 

..•44  .  i:.248 

320.557 

95 0000 

,39'i' .  9648 

,..::5''i ,  5  1  4o 

346. 719 

99 „ 0000 

3  3  j  -  b  3:  . ' 

28 .  5894. 

397. 242 

(SB5 

BBS 


EBB 

SBB 


ca 

s  s 

C9  S  S 

m  i/t 

T  m  rv 

a 

a. 

S  fed  n  C3  M 

T  l  i  B  L.  E  1  -1 ,  t ..  1 E  E.  U  E  PROD  1 .1 C  E  f . ,  E !  ■  E^'  E  E:  1 1  '  1 1- 1'  I T  H I.  ..  E  i  .j  Iv  11 U  |. ,  R  T  I  U  H 


E  '  , .  '  -  1  "EXP '  . '  El  j  I  f1  ' 

E ' r  i:  i  1 1 1 E I  nil  I..I  I N 1 1  •  I  n  e  i i  ■ '  1 1 ",  i :  u  n  e  i:  i  >  1. 1 1 1 :  e;  i,  i  i  e  ie  i ■:  e '  i- 1 1 

E  :jE:  D  I  STRIIBUT  ]  ni  l  PHPHl'IETEP:;, 

nEEElPt’  EE  I  I  I  •  E  liE'liNE  I'EE  '-  4.  S-Mn 

LOWER  LEE' . 

UPPER  L [L 

SCHLJ:;  PllE 
LOWER  LIE' 

UP  E'ER  I . IE'  . 

E'.  r  iElHlED  I  iiVtlP  hlUi  E  E'li'^TRlX  .n-  PhPUEIE  IE  R  ESflElH  lL 

';.i.:E:L.E  sHhPE: 

SlhLE  I49.E::05P  5  ,,01 55 

SHEiPE  5.0:155  1.110? 


I  I 


I  E 


700  1 


I  E 


0  4 ' '  1 .1 


riElPiTE  Mill!  IWi 
EUR  1 


5  ID  EH  --ii:!".  PUNE  1  DE  NO 
:  SIR  I  BUT  1  UN  PERCEM  El 


14", ' 


ERE  LN  Ehi.,,L 

PERL  ENT  I LE 

ESI  lElfiTE 

LOWER 

1  U  LI  01,1 

70 . 9237 

45,.  9 

5 . 000  El 

101 , 1298 

74 . 4 

1  0 . 0000 

ns.  2847 

9 1 .  'll 

20 „ 0000 

139.2741 

1  1. 4  . 

5  0 , 0  0  E:i  U 

1  78 . 245  7 

155,, 

7'  1:1  ..  0  0  0  0 

20 1 . 009 1 

178. 

'1  1:1  0  0  El  0 

23 1 . 4798 

205 . 

'95 . 0000 

245. 1267 

2 1  6 . 

9  ':9 .  E:i  0  El  E,:i 

269..  1782 

W::.:R  I  IE' 


I  U':1  n  DUBT 


.  2  £4  2 

::0'T.  701  1 

;p0, 1214 
;:77„  2849 
:P[0„  1085 


Two  different  manufacturers  supplied  the  greases  A  and  B  under  the  same  Military 
Specification  MIL-G-10924C.  The  life  of  these  greases  obtained  was  about  37  h  and  31  h, 
respectively.  Their  average  life  value  (34  h)  was  seven  times  less  than  the  theoretical  fatigue 
life  of  the  bearings.  The  grease  E  (MIL-G-23549A/ASG,  General  Purpose)  showed  the  best 
overall  performance  among  the  greases  tested.  Its  life  value  was  approximately  nine  times 
greater  than  the  conventional  GAA  grease  (MIL-G- 109240). 

In  the  long-life  grease  program  with  some  of  the  above  greases,  field  tests  are  being  con¬ 
ducted  by  this  laboratory  (Materials,  Fuels,  and  Lubricants)  utilizing  military  vehicles.  After 
the  field  tests  have  been  completed,  a  comparison  will  be  made  with  the  greases  tested  under 
laboratory  environment. 

Eventually,  Phase  II  and  Phase  III  of  this  project  will  be  developed.  As  a  result  of  these 
Phases,  it  is  expected  to  be  possible  to  determine  the  desirable  life  of  greases  in  military 
vehicles.  In  future  studies,  an  attempt  will  be  made  to  apply  the  ML  computer  program  also  to 
hvdraulic  fluids,  lubricants,  and  engine  oils. 


PEH  MHEIMUn 
FIEED  4 


LIKLlHuOli  rnnpUTER  PPOGRftH  FOR  WFIBULL  DISTRIBUTION 


i[M  SI  100' 2  J? 

Tip  kti  to  li 

OR  JM  TO  0 
:[  E  '  J  1  =  0 
:[  1  '  J  ]  =  0 
Ml  K ' J  J  =  0 
UEOT  J 
NEXT  1 
FOP  1  =  1  IT.  I 
FOP  N=1  TO  ' 
T'C  I'HI  =  0 
NEXT  H 
NEXT  I 
FOR  1=1  TO 
[I  ISP  'ENTER 
mPUl  XITJ't 


J  ?  XI  100 ' 
100 


4  ]'  HI  100  5  X  ]'  HTI  20  J 


1  00 
DhTR 
]  J  XI  .J  I 
THEN 
I  J:.  1  I 


P  =  P+1 
NEXT 
PEN 
FOR  .1 


L=1 

NEXT  I 
T=SIL^  1  ] 

N3=T;[  L  '  2  :j 
SI  L,  1  ]  =  S[  J'  1  ] 

SL  L '  2  ]^=3t  ...I  ?  2  ] 

St  J, 1  ]  =  T 
SC  J )  2  :]  =  U3 
NEXT  J 

FOR  L=1  TO  R 
IF  SIL.i2]  =  2  THEN  4 'SO 
NI  L,  1  ]  =  EXP'::SI  L'  1  I;' 

NI  L.J  2  ]=(L-0. 3>/(Rf0, 4:.' 

i;;:=c+i 

B  b = B  €•  + 1 

NEXT  L 

GOTO  560 

FOR  I=C+1  TO  R 

IF  SCI, 21=2  THEN  550 

NC  1  i^EXPisc  n  n:.' 

E;5='::P+1 . B6)/I2  +  R-T[  :■ 

B6=B6+e5 

NI  I  '  2  ]=':;B6 . 0.,  3T-f  p  +  0„  .| 

NEXT  I 
REN 


570  DISP  "ENTER  R<B"; 

580  INPUT  H>B 
590  REM 

600  C  =  E  =  F  =  F  £  =  G  =  L.  -  N  -  N  =  N 1  =  W  £  -  f'!  1  =  M  £ = 0 
610  GOSUB  £4£0 
6£0  H=F£-N 

630  IF  R B S  ( H -- D 8 )  ^  U  .0081  T  H E N  7 1 0 
640  PRINT  Hjri8jNl<M£<M::;:0M4HM5,Zl^:'£ 

650  V=H 
660  Ii8  =  Y 
670  R=Z1 
680  B=Z£ 

690  GOTO  600 
700  REM 

710  P  R I N  T  H  >  n  S  4'U  H  M  £  .  M  3  .  N  4  •.  M  5  ^  Z 1  ^ ,  £ 

7  £  01  L,  1  E  i  ■  i  F'  '■  Z 1  3 
730  L£=l.-  Z£ 

740  REM 
750  :':i=M4  'i'£ 

760  X£:^M3-''i'£ 

770  X3=(:  -  1  :'*M5.''i'£ 

780  PRINT  X1hX£<X,3,V£ 

790  1)1  =  CL,!  t£  :i*Xl 
800  Ii£  =  (  1  ■■  '  Z£t4 )  3  *;X£ 

810  ri3  =  -(  1/'::Z£T£  3  :i+LJ.  *X3 

8£0  P1=Z1 . 1 . 645*(Xl  t'0. 5  ■ 

830  P£  =  Z1  +  1 . 645*(Xlt0. 5  ' 

840  E:  1  =  E  X  F'  (  1 , 6  4  5  3-  ■:  X  £  ■  r  0  „  S  :■ .  Z'  3 '  ■ 

850  P3=Z£/E1 
860  P4=Z£*E1 
870  U1=EXP(P1) 

880  U£=EXP'::P£) 

890  U3=l/P4 

900  |J4=;1/P3 

910  PRINT 
9£0  PRINT 

930  PRINT  TRfcl  .'"ESTIMhIL  .  MiR  THE  rUMUL.HHVE:  HE  1  BULL  I)  J  3TR I  BUT  1  ON 
940  PRINT 
950  PRINT 

960  PRINT  TRB£8"F'.  I  EXE'  H  '  tB  '"; 

970  PRINT 
980  PRINT 

990  PRINT  TRB17"E3  I  INH  i  E  liliH  INO  LlIiEU  'nir.  i)  i  iNE  I  DE I IL  E  IHTERVHLS"; 
1000  PRINf 

1010  PR  I  N  T  TfiBZS  '  ■  FOP  13 1  3  1  P  I  BU I  I  ON  PhPHHE  TER3  “  ? 

1030  PR  I  HI 
1030  PRINT 

1040  PRINT  "SHRPE':  BETH  '  I  •UPl  IME  I  ER  =  " ;  L£ 

1050  PRINT  "LOWER  LIMrT=";U3 
1060  PRINT  "UPPER  LIMrr="5U4 
1070  PRINT 

1080  PRINT  ' 'P; C H L E  P H fT f\ M E  I  E E'  = " ;  I,-  1 
1090  PRINT  "LOWER  111111=  "TUI 
1100  PRINT  "UPPER  LINrT  =  '' T  U.-:! 

1110  PRINT 

11£0  PRINT  THBll  "EST IMHTEI)  LOVHRIhNCE  MhTRIX  OF  PhRhTIETER  ElTIMELI 
1130  PRINT 

t  140  PF'  I N  T  T RE' 3 1  "  bOHLE  '  I  REM  i’ "  bHRPE  "  ? 

1150  PRINT 

1160  P  R I N  T  T  R  B 1  9 ' '  P.  C  R 1...  E)  ' '  T  n  B  £  9 .  H 1  ,  D  3 
1170  PRINT  TRB19"SHRPE"  TmB£9,  Ii3i  nz 


I,  ly0  PRINT 
LiP0  REN 

1200  FOR  1  To  lu 
1210  RERD  Vll-n 

t  220  DHTR  1  1  5  1  1  0  ■!  20  '  On  1  2 !■  I  H  '  JM  ,  ,  09  „  2 

[230  HE NT  I 

1240  FOR  [=i  TO  10 

1250  0  =  1.00 (  -  [...Got  1  v'Tl  [  H  1  1  :i  00  ■  .  . 

1  260  U 1  =  2 1 +Q  +  Z2 
1  2  7 0  1;-! 2  = !  i  1  +■ IJ  T  2  ['  + 1 !  2  +■  + 1 1 
1230  VC  T9  2  .J  =  EKP':  T'l  ' 

1 290  03~:Q  1 . 1 . 645*  021  O  .  5  ' 

1.  3  0  0  Q  4  =  i2 1  +  1 . 6  4  5i  * '  Q  2  i  0 . 5  ^ 

1310  VC  19  3  ]  =  EVR<Q3;. 

1  320  VI K' 4 :i=e:-:r(Q4..' 

1330  NEXT  K 

1  340  PR  I  H  T  TRB 1 . . ES  C  [  Nn1 1  i  llTD  1  NO  3 1 DED  91".  i.;OHT  I  HI  IT  1,  I  N  1  FRVRI  3  " 

[350  RRINT 

1  360  PR  1  NT  THE28  ■  "  FOR  T 1  .■  f  F  1 130 1  I  Or  i  PERCENT  I  LEO " ; 

1370  PRINT 
1330  PRINT 

I  390  PR  I  NT  I  RE  1  4  "  '  PEPi  INI  1  HOT  "  ^  THE ,  ■■  ”  PERCEN  T  1 LE " .  T  oB  7^9  ONER  I  I  H  I  T 
1400  PRINT  "UPPER  LIMIT": 

1410  PRINT 

1420  PRINT  ITIB31''E3TIMHTL"': 

1430  PRINT 
1440  PRINT 
1450  FOR  ,,T-1  TO  lO 

1  460  PR  1 N  I  The  1  4  ’  "r'L  J  •<  1  1  'Ci'l  ,l ..  2  I  ■'  '71  '  3  ]  'CiT  ,  i ,  4  | 

1470  PRINI 
1480  NEXT  J 
1490  PRINT 
1500  PRINT  "1.  10" 

1510  PRINT 

1520  PR  I N  1  THE  3 "  L.L  L "  T  ob;  1 : :  '  NT  1) '  I  Hb  ;  3 "  UC 1. '  : 

1530  PRINT 

1540  PRINT  VI  3-3]  9, 't  :9,  2  J T- 4  I 

1550  PRINT 

1560  PRINT 

1570  PRINT  "L50" 

1530  PRINT 

1 590  PR  I  NT  TRB3 "  LCL "  THE  1  3 "  NL,D "  1 1  lE  ,  ''  UCL  "  : 

1600  PRINT 

1610  PR  I  NT  VI  5  ^  3  I '  Vt  5  h  2  I  h  "VI  5^4] 

1620  IF  VI 10' 4]  7=  600  THEN  2760 
1630  SCRLE  -6' 2. 3' 1 . 5' :3 
1640  V  R  X I  '3  -  5  ?  1 5  ’  2 . 3  0  2  6 1 ' »  €  O  0  9 
1650  XRXIS  2. 3026' 20  !. -5' 2. 2 
1660  FOR  1=10  TO  100  3TEP  10 
1670  PLOT  -5)  LOG':  1  ,  1 
1680  CPLOT  -0.3>--0.3 
1690  LREEL  (*>"-" 

1700  IF  1=70  THEN  1750 
1710  IF  1=90  THEN  1750 
1720  CPLOT  -6.1 
1730  STRNDfiRn 
1740  LRBEL  (*;'I 
1750  NEXT  I 

1760  IF  VC  10.4]  <=  600  THEN  2790 
1770  FOR  1=200  TO  1000  STEP  100 
1 780  PLOT  -5 . LOG  C I  ' .  1 


1790  CPLOT  -0.35-0.3 
1800  LABEL  (*)"-•" 

1810  IF  1=700  THEN  1870 

1820  IF  1=900  THEN  1870 

1830  CPLOT  -b5l 

1840  STANriARD 

1850  LABEL  (*)I 

I860  IF  1=1500  THEN  1950 

1870  NEXT  I 

1880  'T8=2000 

1890  PLOT  -55 L0G(Y8> 5  1 

1 900  CPLOT  -0.35 -0 . 3 

1910  LABEL  (  + 

1920  CPLOT  -65 1 
1930  STANDARD 
1940  LABEL  (,  *  >  Y  8 
1950  FOR  N=1  TO  10 

I960  P  L,  0  T  L  0  G  <  L  0  G 1  ■-  ( 1  -■  ( '1 '  f  N  5  1  T-  1 0  O  >  >  )  >'<  2. 3  0  265  1 
1970  CPLOT  -0.35-0.3 
1 980  LABEL.  (,  *  "  1  “ 

1990  CPLOT  -I5-I 

2000  STANDARD 

2  0 1 0  L  A  B  E  L..  (.  * )  '1'  [.  IT  5  1  I 

2020  NEXT  N 

2030  FOR  1=1  TO  R 

2040  IF  N[l5l]=0  THEN  2080 

2050  P  L„  0  T  l..„  0  G  ( L.  0  G  ( 1  /  ( 1  -•  ( N  C  1 5  2  I  :■  >  >  >  ’  L  0  G  ^  N I  1 5  1  ;] )  5  1 

2060  CPLOT  -0.35-0.3 

2070  LABEL 

2080  NEXT  I 

2090  FOR  K=1  TO  10 

2100  IF  T''CK5  2]a0  THEN  2130 

2110  IF  Y[K52]>2000  THEN  2130 

2120  P  L.  0  T  I.,.,  0  i;;i  ( L.,  0  G  >;  1  /  1 ( Y  C  E  5  1  ] .  1 0  0  ^  >  5  L  iJ  G  ■:  'T I  K  5  2  J 

2130  NEXT  E 
2140  PEN 

2150  FOR  P=1  TO  10 

2160  IF  YIFgSKIO  THEN  2180 

2  1 7  0  F’  L.  0  T  L  0  G  (  L  0  G I  1  /  ■:  1  Y  [  F '  5  1  I  1 0  0  1  1 '  L  0  G  'T  [  P  5  3  1 
2180  NEXT  P 
2190  PEN 

2200  FOR  H=1  TO  10 

2210  IF  Y[H54]>2000  THEN  2230 

2220  PLOT  L.  0  Q  <.  1...  0  G  (  1  /'  (  1  -  ( Y  L  H  5  1  J  '  1 0  0  >  > )  >  5  L  0  G  ( Y  [  H  5  4  1 

2230  NEXT  H 

2240  DISP  "ENTER  AT"; 

2250  INPUT  m 
2260  PEN 

2270  IF  Y[  105  4,1  <=  600  THEN  2740 
2280  PLOT  -3. 55 7. 85 1 
2  2  9  0  L  A  B  E  L  ( 5  3  5  3 .  7  5  0  5  6 . 5  3. .  3  > 

2  3  0  0  LABE  L  1  FI  $ 

2310  PEN 

2320  PLOT  -5.853-1 
2  3 3 B  L.ABEL  *  5  3. 5  1  5  1 . 5  Pi-  iS  -  3 .  '  t ,  5  J 

2  3  4  0  L  ABE  L  "  H  i.i  U  R  8  1  U  F  H 1 L.  U  R  E " 

2350  PEN 

2360  PLOT  -4.751,651 

3. 3  7  El  1...  A  B  E.  L.  *■  5  1  5  2  5  B  5  6 .  5  ■  ■  2 .  .1 . ' 

2380  LABEL  (  +  > " CUMULAT  1 VE  I 'ROBAB I L- 1  TY  IN  PERCEHr 
2390  PEN 


j  •: 


:::4oy  IjUTu  ciyyy 
2410  REM 

2420  FOR  K^l  TO  R 
2430  Fll  =  (S[  K?  1  e 

2440  fl  2  =  E  X  P  (,  H 1  > 

2450  F=F+R2 
2460  H4  =  HrT'2  +  H2 
2470  G=G+H4 
2480  fl5=Hl*fl2 
2490  M-N+fl5 

2500  IF  S[K5  2J  =  2  then  i 
2510  L=L+R1 

2520  R9- . LOG':  B>--R2  +  R1 

2530  F2=F2+R9 
2540  00+ 1 
2550  GOTO  2570 
2560  N-N+R2 
2570  NEXT  K 
d  5  y  0  F'  R I H  I  0  j  h!  i  F'  ’  i.i 
2590  REN 

2600  Nl“l  /E  +  ':,F . 0;' 

2610  M2=l  B*'::N--L . L  ' 

2  6  2  Fl  F“‘  Fj  1 2! 

2630  M3'^i":;  l/pl'  +  F 
2  6  4 10  t'1 4  ="  1  F'  +■ 2  +■  M  2  + 1.:  +  Oi 
2650  M5='=l.  P*'::B*N1+N::' 
2660  Z3=M3+N4 
2670  Z4=N5*M5 
2  6  S  01  '  I''  2 = Z  3  “  Z  4 

2690  Z1=R . '::N4  +  N1  +  (  -115+1 

2700  Z2  =  B-':: -M5  +  N 1 1' +  M3- 

2710  RETURN 

2720  H=0 

2730  GOTO  2590 

274  0  p  L  0  T  . :  3  j  6  ?  1 

2750  GOTO  2290 
2!  760  S  C  R  L  E  ~  6  j  2 .  3 '  1 . 5  ’  i 
2770  YRXIS  -5? 15^2, 302' 
780  GOTO  1650 
2790  FOR  1=200  TO  600  : 
2  y  0  0  PLOT  ~  5  ’  L  Cl  G I )  j  1 
2810  CPLOT  -0.3!i-0.:3 
2820  LRBEL 
2830  CPLOT  -6j1 
2840  STRUDfiRn 
2850  LRBEL  (*)I 
2860  IF  1=600  THEN  195i 
2870  NEXT  I 
2880  END 


APPENDIX  B 


SKF  ENDURANCE  TEST  METHOD  (MODIFIED  INDUSTRIAL  TEST  METHOD) 

B-1.  Endurance  of  Bearing-Grease  System.  The  tests  were  eoiiclueted  on  a  hasie  SKp  In¬ 
dustries.  Ine..  R-2  Eiiduranee  Test  Machine  which  was  modified  to  accept  a  simulated  front 
wheel  huh  assemhly.  A  detailed  description  of  the  design  and  operation  of  this  test  machine, 
the  test  procedures,  and  the  conditions  under  which  the  tests  were  performed  in  order  to 
evaluate  the  luhrication  characteristics  of  each  grease  are  presented  in  the  following 
paragraphs. 

a.  Endurance  Test  Machine.  The  basic  configuration  of  the  test  machine  <-onsists  of 
a  central  helt-driven  horizontal  arhor  which  is  supported  hy  two  cylindrical  roller  hearings. 
Photographic  views  of  the  machine  are  shown  in  Figure  B-1.  A  huh  containing  a  pair  of 
tapered  roller-hearing  test  specimens  is  mounted  on  each  end  of  the  arhor.  as  shown  in  the 
assendtiy  drawing  of  F’igure  B-2.  A  c(mstant  radial  force  is  applied  to  each  hnh  assemhiv  hy  a 
dead  weight  through  a  lever  and  linkage  arrangement.  A  thrust  force  is  ap|>lied  inward  hy  an 
air  cylinder  mounted  between  the  hubs  at  a  prescribed  distance  from  the  hearing  axis.  This  off¬ 
set  simulates  a  cornering  f(»rce  (»n  the  huh  assemhly  as  would  he  produced  at  the  lire  periphery 
when  a  car  turns.  The  thrust  force  is  a|)plied  cyclically  every  .S  min  for  1-1/2  min  duration. 

(1)  Elevated  Temperature  Tests.  For  the  elevated  temperature  tests,  a 
(Jhronialox  .M)0-W  ring  heater,  fastened  to  the  side  of  the  l«»ad  arm.  surrounds  the  huh  as 
shown  in  Figure  B-2.  It  provides  additional  heal  over  and  above  that  caused  hy  internal  bear¬ 
ing  friction  to  bring  the  hearing  temperature  to  the  recjuire*!  level  of  operation.  Power  to  the 
dual  element  heater  is  controlled  manually  through  a  Powerslat.  One  element  of  the  heater  is 
on  constantly  and  supplies  that  amount  of  heal  needed  to  bring  the  operating  temperature  of 
the  test  hearings  to  within  10  K  t<i  1.^  K  of  the  specified  level.  The  second  element,  powered 
through  the  same  P«»werstal.  is  thermostaticallv  controlled  to  maintain  the  total  temperature  at 
the  prescribed  operating  level.  An  insulated  housing  (Figure  B-2)  surrounding  each  hub 
assemhly  maintains  the  temperature  at  an  even  level  and  prevents  rapid  thermal  fluctuations. 

(2)  Room  Ambient  Temperature  Test.  In  order  to  assess  the  effect  of  opera¬ 
tional  temperature  on  grease  performance,  the  luhrication  characteristics  of  two  greases,  one  of 
which  had  been  run  previously  under  elevated  temperature  conditions  (1).  was  also  determined 
at  .304  K.  £xplorat<»ry  tests  showed  that  this  could  he  accomplished  hy  dissipating  the  heat 
generated  by  the  test  hearings  through  fan  cooling.  Except  f«)r  the  elimination  of  the  heater 
and  insulated  housing,  ail  other  test  conditions  were  the  same. 
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(3|  Operational  Parameters.  The  operating  teni[M‘ratiire  of  eaeh  hearing  was 
measured  hy  an  iron-eonstantan  thernioeouple  in  eonlaet  with  the  outer  ring  (eiip)  outer 
diameter  surfaee.  -Vn  automated  test  floor  control  system  eontaining  a  Data  (Jeneral  Nova  800 
mini  eoni|)Uter  system,  used  as  a  central  processing  unit  ((.PL),  monitored  and  recorded  the 
operational  temperature  of  each  test  hearing.  The  control  system  is  programmed  to  jirovide 
alarms  and/or  to  stop  a  machine  whenever  the  hearing  operating  tem|)erature  exceeds  present 
tem|>erature  limits.  In  addition,  a  special  suhroutine  known  as  the  Temperature  Rate  of  In¬ 
crease  Monitor  ('rKI  VI)  was  used  t(»  detect  an  impending  failure  as  the  result  of  a  luhricalion 
deficienev.  The  TRIM,  which  was  developed  as  a  means  of  anticipating  the  ultimate  failure  of 
the  grease  pack  contained  in  a  hearing,  automatically  terminates  a  test  when  the  rate  of 
temperatun*  rise  is  greater  than  or  e(pial  to  a  preset  limit  for  a  time  period  sufficient  to  ()roduce 
a  {)reset  ahsolute  temjierature  increase.  In  this  study,  the  TRIM  values  were  1  k/iiiin  rise  with  a 
maximum  increase  (»f  12  K.  (loncurrently.  the  niaximiiin  temperature  of  o|)eration  was  set  at 

m  K. 
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b.  Test  Procedures.  The  follow  ing  lest  coiulitioiis  and  the  procetliires  employed  were 
eommon  to  all  tests  run  and  are  based  upon  an  industrial  method  used  to  evaluate  the  en¬ 
durance  of  commercial  whe.el  hearings.  In  this  lest  proce<lure.  a  huh  assemhiv  is  subjected  to  a 

radial  load  etpiivalent  to  150  perccnil  of  the  vehicle  curb  weight.  In  addition,  a  thrust  load  or  t 

cornering  load  equal  to  .50  percent  <d'  the  ra<lial  load  is  applied  intermittently  at  a  distance 
from  the  center  of  the  ht>aring  axis  which  is  e((uivalenl  to  the  lire  radius. 

On  the  basis  of  the  weight  of  a  medium  size  sedan,  the  hearings  were  suhjeeted  a 
constant  radial  load  of  8. .54  kN  (1875  fl-lh).  In  addition,  a  thrust  load  of  2.49  kN  (560  ft-lh)  ^ 

was  applied  at  a  distance  of  .54.2  cm  ( 15.45  in.)  from  the  horizontal  centerline  of  the  hearing 
axis  every  5  min  f<tr  a  duration  (d'  1-1/2  min  or  .50  |>ercenl  of  the  lime. 

riic  hearings  were  run  at  an  inner  ring  speed  of  800  r/min  which  is  approximately 
ecpiivalent  to  a  vehicle  speed  of  105  k/h  (65  nii/h).  Eaeh  pair  of  test  hearings  was  lubricated 
w  ith  the  test  grease  in  the  follow  ing  manner:  The  hearings  were  packed  full  and  40  g  of  grease 
was  distrihiilcd  in  the  huh  cavity  between  the  hearings.  Except  where  noted,  the  hearings  were 
run  to  a  preset  tinic-ii|)  life  of  .500  h  which  is  a|>proximalely  equivalent  to  52,000  km  (20.000 
III)  or  until  failure,  whichever  oi-curred  first.  The  onset  o(  failure  was  defined  as: 

(1)  \  distinct  increase  in  the  normal  ojicraling  vibration  level  as  ilelected  hy  a 
»iherswilch  moiiiiled  on  the  lest  svsiem. 

(2)  An  increase  in  the  noise  Icm4. 

(5)  \  gradual  heal  imbalance  redm  ing  the  power  input  required  to  heal  the  environ¬ 
ment  to  .50  [lercent  of  its  original  value. 
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(4)  A  sudden  heat  ind)alaiu'e  resulting  in  an  increase  in  bearing  temperature  at  an 
exeessive  rate  as  determined  hv  the  limits  established  in  the  TRIM  included  in  the  test  floor 
cotitrol  computer  system. 

(5)  An  increase  in  temperature  above  a  preset  limit  of  423  K. 

An  indication  of  failure  by  any  of  these  modes  automatically  terminated  the  test 
run.  Three  test  rigs  were  emploved  in  order  to  complete  thi.s  study  in  a  reasonable  time  interval. 

The  following  describes  the  basic  differences  in  the  two  tvpes  of  tests  run  in  this 

study: 

(1)  Type  I— Elevated  Temperature  Endurance  Teat.  To  establish  the  en¬ 
durance  life  characteristics  of  a  grease,  a  group  of  20  pairs  of  hearings  was  run  under  the 
above  test  conditions  at  an  operating  temperature  of  394  K  ±  4  K  (121°  (^)  with  the  aid  of 
heaters  for  a  period  of  300  h  or  failure. 

(2)  Type  II— Room  Ambient  Temperature  Endurance  Teat.  The  effect  of 
operational  temperature  on  grease  endurance  life  was  based  on  the  results  of  a  group  of  20 
pairs  of  bearings  run  with  the  specified  test  grease  in  a  room  temperature  environment  but 
without  the  use  of  heaters  and  the  transite  insulation  enclosure.  The  test  bearing  operational 
temperature  was  maintained  at  304  K  ±  4  K  (30°  C)  by  means  of  fan  cooling.  One  fan  cen¬ 
trally  htcated  between  the  test  bearings  was  sufficient  to  dissipate  the  heat  generated  hy  the 
hearings. 

e.  Test  Bearing  Description.  The  endurance  characteristics  of  each  grease  was 
determined  using  bearings  of  the  following  configuration: 


Bearing  No. 

Inner  Diameter 

Basic  Size  mm 
Outer  Diameter 

Width 

Location  on  Test  .Arhor 

LM12749/LM1271() 

21.979 

45.974 

15.494 

( luthoard 

L68149/L68110 

34.981 

.59.974 

1.5.875 

Inboard 

These  bearings  were  part  (»f  a  statistically  similar  sample  group  produced  according 
to  .SKE  liuliistries.  Inc.,  manufacturing  standanis  and  tolerances  for  material  and  geometry. 

B-2.  Method  of  (laleulation  to  Determine  the  L,,,  Life  of  the  Test  Bearing 
System.  The  life  of  the  two  hearing  systems  employed  as  calculated  herein  is  based  upon 
formulas  and  methodidogv  concepts  ciirrentlv  in  use  bv  the  hearing  industry. 
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The  test  eonditions  employed  were: 


a.  Test  Bearing  Specimens:  Outboard— LM12749/LM 127 10  =  Brg.  No.  1;  Inboard— 
L68149/L68110  =  Brg.  No.  2 

b.  Applied  Radial  Load— 8.34  kN  (1875  lb):  Applied  at  a  distance  of  45,847  mm  (1.805 
in.)  from  the  outboard  bearing  presure  center. 

c.  Thrust  Load— 2.49  kN  (560  lb):  Applied  .30  percent  of  the  time  at  a  distance  of 

34.163 

cm  (13.45  in.)  from  the  horizontal  axis  of  the  bearing  centerline. 

d.  Speed— 800  r/min. 

e.  Distance  between  the  outboard  bearing  and  inboard  bearing  pressure  centers  is 

70.536 

mm  (2.777  in.). 

f.  Life  Formula:  L,,,  =/(]\l0/3. 

V) 

g.  Life  of  System  (two  bearings):  1  1  1 

1/  ~(L|'  )  "^(L^  )  where  e  =  1.125. 

h.  The  Lji,  life  of  system  is  234  h  from  the  above  equations. 
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APPENDIX  C 


LIST  OF  ACRONYMS 

AFBMA-ASA:  Antrifictiun  Bearing  Manufacturers  Association  (AFBMA)  and  American 
Standards  Association  (ASA). 

B|„Life:  Median  bias  corrected  90%  reliable. 

L,„  Life:  Median  bias  corrected  90%  reliable  life. 

L-,,  Life:  Median  bias  corrected  50%  reliable  life. 

ML:  Maximum  likelihood. 

MED:  Median. 

L(]L:  Lower  end  of  90%  confidence  interval. 

U(X:  Upper  end  of  90%  confidence  interval. 
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ATTN:  hPP  (M  AJ  Waller) 

ATTN:  hMM/.4  (MAJ  Westeni) 
Washington.  DC  20.480 

I  Commaniling  (seneral 

CS  Marine  Coqis  Development 
&  Education  Comnianil 
ATTN:  D074  (ETC  WtsHihead) 
(,)uantico.  VA  221.44 


No.  (lupieM  Addretigee 


I  Joint  Oil  Analy^^is  Projjrani— Tech- 

nifal  Support  Outer 
Hld^  780 
Naval  Air  Station 
Peiisaeola.  FI,  82508 

I  CDR 

Naval  Materiel  tioniniainl 
ATTN:  MAT-08E  (Mr.  ZienO 
(iP6,  R(Hiin  606 
Washington,  IMi  20860 

I  CDR 

Naval  Researeh  I.ahoratorv 
ATTN:  Code  6180 
Washington.  IX;  20375 

I  CDR 

Naval  Air  Systems  Coniniainl 
ATTN:  Code  5.804C1. 

(Mr.  Weinl)erf;| 

Washington.  IMl  20.361 

1  CDR 

Naval  Air  Development 
ATTN:  C<Hle  60612 
Warminster.  PA  18074 

Departmenl  of  the  Air  Force 

2  CDR 

I  S  Air  Force  M  rifiht  Aeronautical 
l.ahoratory 

ATTN:  AFW  AIJF'OSI,  (Mr.  Jones) 
ATTN:  AFW AI7Ml,SK  (Mr.  Morris) 
M  rifiht-Patterson  Air  Force  Rase. 
OH  4.5488 

2  CDR 

San  Antonio  Air  l,4i)'istis  ('.enter 
ATTN:  SAAI.(7SFT  (Mr.  Makris) 
ATTN:  SAAI.(7MMPRR 
Kelly  Air  Force  Rase, 

TX  78241 

I  CDR 

Warner  Ridiins  Air  lxi);istir  Onter 
ATTN:  WR-AI.(JMMTV. 

(Mr.  (>raham) 

Rohins  Air  Force  Rase. 

(;A  31008 
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